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htioduction Concerning electrical and optical properties of amorphous semi- 



cfloductors,. there have been many reports published and some of them were on 
electrical switching /I, 2/. 

^ Switch and memory phenomena in amorphous materials so far are mainly 
duised by 'such structure change as amorphous to crystalline or vice versa /I/. 
£wever, we found that an amorphous ASjSe^ sample with photo-doped Ag shows 
yon-volatile memory effect, and reported the electrical characteristics and 
tenperature dependence of the sample, revealing that the switch and memory 
■echanism is strongly related to the behavior of Ag atoms diffused in the amor- 
■ous ^2^^3 means that switch and memory effects of the present 

firice are essentially different from the widely known switch and memory effects 
{^the amorphous semiconductors where the phase transition is thought to be 
sponsible. 

In this paper, we describe experimental results of high speed memory per- 

ice due to the new mechanism, and the electrical reliability and persistency 
the present sample. A memory phenomenon in some nanoseconds is observed 

h the migration of Ag atoms may be concerned. In this switching the de- 
it has no (so called) prememory time in the process between a switching and 
memory state. Therefore it will be expected that improving the device struc- 
vc brings forth more rapid memory performance. 

Sample preparation A sample structure is shown in Fig. 1. The preparation 
»«thod of the sample is as follows: (i) A bottom electrode 4 cm^ wide of Ato is 
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Fig. 1. Schematic illustraUon of a Aa^S, mem- 
ory device * 3 



made by rf sputtering on a glass slide; (a) the 
amorphous As^S^, which is prepared in advance 
by a conventional preparation method, is ev-ap. 
orated in a pressure less than 10"^ Torr on to the bottom electrode. The %x^>x 
rate of the As^S^ film is estimated less than 30 %/s and the final thickness is 
about 1 ;im; (iii) Ag metal is evaporated on the ASjS^ film upto 200 to 500 *A 
thickness; (iv) then, the metallic Ag thus evaporated is irradiated by a mercurv 
lamp to diffuse into the amorphous As^S^ film. This is known as a photo^dopinc 
/4, 5/ of Ag and believed essential in the preparation of the present sample. 
Disappearance of the metallic reflection of Ag on the film surface is used for 
a criterion of the end of photo-doping; (v) finaUy, a dip of Ag paste is attached 
to the film as a top electrode whose area is about 2 mm^. The present sample 
is a diode of Ag-As^S^-Mo structure. 

Experimental results and discussion Rg. 2 illustrates photographs of ty- 
pical device responses (2) to the appUed repetitive rectangular pulses (1) of 
100 kHz. Fig. 2a gives a memory write time in which OFF to ON transition w 
curs (the arrows indicates the process of switch and memory). The OFF stnu- 
resistance for the present sample seems to range from 10* to 10^ a while tht- 
ON state one from 10 to 10^ Q. The response wave-form implies: (i) The nuM«- 
ory write time is less than 10 ns. (ii) A time for fastening memory is not uh- 
served though conventional amorphous semiconductor memory devices have brrn 
reported to have some delay time for fastening the memory. Then, the prcscni 

device seems to perform switching and memi)ri.»- 
ing operations simultaneously, (iii) The mem- 
ory is non-volatile in operation. Fig. 2b show.- 
a memory erase time in which ON to OFF tnn- 



1 -IQ 
t 05 
0 

-as 



a 


































































































































OFf\ 
























































& 






i 






























rt 








1 i 




rr 


1 f 



Fig. 2. Typical device responses to the appiieit 
repetitive rectangular pulses, a) OFF to ON 
transition (memory write time), b) ON to OFF 
transition (memory erase time) ((1 ) applied 
voltage pulse, (2) device response) 
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sition occurs (th arrow indicat 
vice response wavefarm implies 

(i) The memory erase time 
ory write time in value, (ii) 
; From the above mentioned r 
enon for the present sample is 
amorphous state and crystalline 
optical microscopic observation, 
dendrite) in the As^S^ mm bridc 
ory phenomenon /3/. However 
ionic process under existence oi 
tonic) migration in the present r 
speed memory time such as nanc 
electronic processes should exis 
^ In an application of memory 
write and erase cycle times, the 
temperature range, and persiste 
Table 1. 

It was coniirmed ttet the pre 
temperature range from room te 
was not broken at such an elevat. 
Tab I e 1 



Reliability test results 



operating temperature 
(upper limit) 



storage temperature 
(upper limit) 



memory write and eras 



persistency 
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^tion 6ccurs (the arrow indicates the process of switch and memory). The de- 
Tice response waveform implies: 

I (i) The memory erase time is 20 ns approximately and larger than the mem- 
orr write Ume in value, (ii) A delay time «ists in the memory erase process 
I From the above mentioned results, it is considered that the memory phenom- 
enon for the present sample is caused not by the phase transition betwe« 
^unorphous state and crystalline sUte but by the other mechanisms. In bet, 
optical microscopic observations clarified that whisker-like metallic Ag (Ag 
iendrite) in the As^S^ film bridges between electrodes and brings forth the mem- 
ory phenomenon /3/. However, the bridge formation may result from some 



c process under existence of an electric field, the velocity of Ag atomic (or 
fame) migration in the present media could not be so rapid to explain the high 
n»ed memory time such as nanoseconds. So Uat, it is beUeved that some 
dectronic processes should exist in addition to the ionic process. 
I In an application of memory device, it is necessary to check Uie memory 
»nte and erase cycle times, the maximum operating temperature, the storage 
r.",perature range, and persistency /$/. Test results are summarized in 
lie 1. 

I It was confirmed that the present device shows memory performance in the 
fanperatnre range from room temperature to 150 and at storage, the device 
w not broken at such an elevated temperature as 180 ?C. 



Table 1 




Reliability test results 




operating temperature 
(upper limit) 


150 °C 


storage temperature 
(upper limit) 


180 °C 


memory write and erase cycle 


>10^ 


persistency 


^ 3 years 




K190 physica status solid! (a) 61 

This 13 better performance than Ge devices and is comparable to Si devices. 
Memory write and erase cycle times of 10^ have been obtained at present, and 
the test are now being continued » The persistency of the sample is over three 
years and is under test now too. 

Conclusion From the above mentioned experimental results, it was con* 
eluded that the present device is excellent at both thermal characteristics and 
durability. Although the switch and memory transition time is about 10 ns, it 
will b^ possible to reduce the transition time upto picosecond order by decreasii^ 
the capacitance of device. 

The authors would like to acknowledge sample preparations and measure- 
ments by Y. Toyoda. 
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Introduction In liiore recent opt 
Blasey /2/, in agreement with e: 
5/ , attributed absorption bands 
'^^g.^ samples to components . 
Fe in octahedral sites. Howev 
specimens containing concentrat: 
sorption in the near infrared (Ni: 
to arise from an underlying band 
was alternatively assigned by Bl: 
(in /!/) to Fe^^ ^ Fe^*-* Fe^"^ - 
made to detail more clearly the i 
ttme to confirm or deny previous 
than one band may be involved) ar 
to 13000 ppm Fe have been heat t 
•uredat room temperature and he 
results obtained with data from n- 
Uat it is Fe^^-Fe^"^ interactions, 
Important role in assigning featu: 
aoderate iron concentrations, 
^ Experimental The two batch* 
^estigated were obtained from W 
Uaoo ppm by weight of Fe accorc 
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